S
ince ISIS-2 (the second International Study of Infarct Survival), 1 in which aspirin improved survival after myocardial infarction (MI), international guidelines have recommended aspirin as first line for the secondary prevention of MI and other atherosclerotic cardiovascular disease. [2] [3] [4] However, data regarding aspirin use in primary prevention of cardiovascular disease are conflicting. In a recent systematic review that included 11 randomized controlled trials, aspirin in primary prevention was associated with a modest reduction in nonfatal MI, but did not reduce mortality. 5 Patients with type 2 diabetes mellitus (T2D) are predisposed to a higher risk of cardiovascular events and increased mortality 6 because of several pathophysiological mechanisms, including hypercoagulability and higher platelet reactivity induced by insulin resistance and hyperglycemia. 7, 8 However, aspirin has not been shown to be beneficial for primary cardiovascular disease prevention in T2D as demonstrated by several retrospective cohorts as well as in the 10-year followup of the randomized JPAD (Japanese Primary Prevention of Atherosclerosis with Aspirin for Diabetes) trial. 9 Heart failure (HF) is also associated with hypercoagulability, 10 but the benefit of aspirin in those with HF is controversial. Although some prospective cohorts have suggested that aspirin might reduce mortality in patients with HF, 11, 12 randomized placebo-controlled trials have reported either a neutral or deleterious effect of aspirin in comparison to warfarin or placebo. [13] [14] [15] Nevertheless, aspirin has been used for secondary prevention because most patients with HF have a history of a cardiovascular event.
Emerging clinical trials have highlighted the important impact of heart failure in cardiovascular mortality in patients with diabetes mellitus. For example, the beneficial effects observed with sodium glucose transporter-2 inhibitors appear to be driven through a reduction in mortality in patients with diabetes mellitus and heart failure. 16 Therefore, there is a need for greater focus on patients with diabetes mellitus and heart failure. Evidence for aspirin use for patients with HF with a high cardiovascular risk such as T2D and no prior ischemic event is lacking, but a preventive role may be hypothesized. Therefore, the aim of the current study was to examine the impact of aspirin in the primary prevention of mortality and key cardiovascular outcomes for patients with T2D and HF in the primary care setting.
Methods

Study Population
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure. The THIN (The Health Improvement Network) database is a large retrospective cohort of patients presenting to 546 UK primary care centers with a total of over 14 million patients contributing data, thus providing specific data regarding outcomes in actual clinical practice. 17 THIN is generalizable to the UK population by age, sex, death rates, and medical conditions. Information on THIN is collected during routine patient consultations with general practitioners from registers at a THIN-affiliated general practice. Symptoms and diagnosis of disease are recorded using Read codes. The Read codes are a very comprehensive coded clinical language. The codes include terms relating to observations (signs and symptoms), diagnosis, procedures, and investigations. All participants gave a written consent, and the study was conducted in accordance with the 1964 Declaration of Helsinki. Collected medical records were anonymized, and the study protocol was approved by the THIN independent scientific review committee (number 13-030). We conducted a retrospective cohort study of adults newly diagnosed with T2D from calendar year 2000. The recording of diabetes mellitus diagnoses is comprehensive in THIN, and any patient with a Read code for from January 1, 2000 onward was considered for this study. The first record was considered as the date of diagnosis. The inclusion criteria for this analysis were patients with T2D and HF, age ≥55 years, no previous history of MI and/or coronary artery disease, stroke, peripheral artery disease, or atrial fibrillation. Aspirin exposure was defined as a fixed intake of aspirin within 30 days of diagnosis of T2D and HF. Previous aspirin users before the diagnosis of heart failure and diabetes mellitus were excluded.
Patients remained in the cohort and were followed until transfer out of practice, death, or until the end of follow-up.
End Points
The primary end point was a composite of all-cause mortality or a first-time hospitalization for HF. The secondary outcomes were the time to death from any cause, first-time hospitalization for HF, nonfatal MI, nonfatal stroke, and major bleedings. All clinical diagnoses, patient-related variables, and outcomes were extracted using Read codes (a full list of Read codes is available on request). Major bleeding was defined as symptomatic bleeding in a critical area or an organ, or a bleeding causing a fall in hemoglobin level of 20 g/L or more or leading to transfusion of 2 or more units of whole blood or packed red blood cells.
Statistical Analysis
Demographic characteristics and outcome data are summarized as counts and percentages for categorical variables and means (standard deviations) for continuous variables. Paired t tests were used to compare differences between groups. For categorical variables, differences were assessed using the Pearson chi-squared test. Incidence rates and 95% confidence intervals (CI) for primary and secondary end points were calculated by dividing the number of incident cases by the total person-years at risk (PYAR). Kaplan-Meier curves accompanied by hazard ratios from Cox regression models were used to analyze time-to-event outcomes. The Cox model (with robust standard errors) was adjusted for smoking status, age, duration of diabetes mellitus, sex, hypertension, dyslipidemia, and baseline use of metformin, angiotensin-converting
Clinical Perspective
What Is New?
• This study assessed whether primary prevention with aspirin is beneficial in patients with heart failure and type 2 diabetes mellitus.
• A low dose of aspirin was significantly associated with a decrease in all-cause mortality.
• Major bleedings and hospitalization for heart failure were not significantly higher with aspirin.
• There was no additional benefit for a high dose.
What Are the Clinical Implications?
• Our study suggests that aspirin is beneficial in patients with type 2 diabetes mellitus and heart failure, aged ≥55 years, and with no previous history of myocardial infarction and/or coronary artery disease, stroke, peripheral artery disease, or atrial fibrillation.
• It might be reasonable to consider aspirin for the primary prevention of patients with diabetes mellitus and heart failure in the absence of other contraindications.
enzyme inhibitors, b-blockers, and statins. In the event of nonproportional hazards, parametric survival analysis methods were used to confirm the results. The index date for aspirin users was the first date of aspirin prescription (within 30 days of T2D and HF diagnosis). For nonusers, the index date was when they were diagnosed with T2D/HF. For the outcomes hospitalization for HF, nonfatal MI, nonfatal stroke, and major bleeding, a competing risk analysis model was used. We further analyzed hospitalization, nonfatal MI, and nonfatal stroke using a win-ratio matched-pairs approach, 18 initially recommended by Finkelstein and Schoenfeld. 19 For composite outcomes, this method prioritizes fatal outcomes (all-cause mortality) over less severe outcomes (eg, hospitalization).
Sensitivity Analysis (Propensity-Score Matching)
Propensity score matching was used for sensitivity analysis. Propensity score matching involved building a logistic regression model to derive predictors of aspirin usage by using a 3-step approach. Propensity scores were developed by including sex, age, duration of diabetes mellitus, hypertension, and dyslipidemia in the logistic regression model. This logistic regression model was then combined with the PSMATCH2 command in Stata (Version 15; Statacorp, College Station, TX) to calculate propensity scores representing the estimated probability of using aspirin on each participant's baseline characteristics. 20 Aspirin users were matched to nonusers with the closest propensity score on a ratio of 1:1 using a nearest-neighbor algorithm with no replacement, and matching was restricted to within the common support region. 21 To ensure that the model was performing adequately, we checked the balance of means and variances of covariates after matching by examining the standardized mean differences between aspirin users and nonusers both before and after matching.
Results
Baseline Characteristics
Out of the total of over 14 million participants in the THIN database, 12 534 participants fulfilled the study inclusion criteria, of whom 5967 (47.6%) were on aspirin (5830 on a dose ≤75 mg, and 137 on a dose >75 mg), and 6567 (52.4%) were not. At inclusion, 2208 (44.1%) patients were already on a b-blocker. As shown in Table 1 , the mean (SD) age of the study population was 75.3 (9.6), and 53.9% were male. Patients on aspirin were younger and had a shorter duration of diabetes mellitus but had a higher prevalence of hypertension and dyslipidemia. Of note, the aspirin-treated group were less often prescribed angiotensin-converting enzyme Figure 1A ). The reduction in the primary outcome was mainly driven by a reduction in allcause mortality in aspirin users (crude HR 0.86; 95% CI 0.82-0.91, P<0.001; Table 2 , Figure 1B ). Of the patients receiving aspirin, hospitalization for HF rate was 2.6 per 1000 PYAR, compared with 2.4 per 1000 PYAR not receiving aspirin (crude HR 0.95, 95% CI 0.73-1.24; Table 2 , Figure 2A ). Of note, the nonfatal MI rate was 17.4 per 1000 PYAR in non-aspirin users, whereas this number was almost double in the aspirin group (28.4 per 1000 PYAR; crude HR 1.70, 95% CI 1.53-1.88, P<0.001; Table 2 , Figure 2B ). Additionally, the rate of nonfatal strokes was 6.0 per 1000 PYAR in aspirin users compared with 5.0 per 1000 PYAR in the nonaspirin group (crude HR 1.22, 95% CI 1.02-1.47, P=0.03; Table 2, Figure 2C ). However, major bleeding was not different according to aspirin use (crude HR 0.77, 95% CI 0.52-1.13, Table 2, Figure 2D ). Furthermore, there was no difference between low-dose and high-dose aspirin in any outcome. Figure 3 shows the Cox regression analysis. Despite several adjustments, low-dose aspirin use was independently associated with a decrease in all-cause mortality risk (corrected HR 0.89, 95% CI 0.84-0.94). This was counteracted by a paradoxical increase in nonfatal MI and stroke (corrected HR 1.67, 95% CI 1.51-1.86; HR 1.25, 95% CI 1.03-1.50, respectively). Major bleedings were unaffected by aspirin (corrected HR 0.73, 95% CI 0.49-1.08).
Win-ratio analysis of the primary composite outcome, allcause mortality, and hospitalization (Table 3) showed that, in 3558 pairs, we know in which subjects death occurred first. Death occurred in 1704 patients first if they took aspirin, compared with 1854 patients who did not take aspirin. Among the 2081 remaining pairs, 59 subjects were hospitalized for HF first if they took aspirin, compared with 62 who did not take aspirin. Hence, the win ratio for the composite of allcause mortality and hospitalization due to heart failure was 1.09 (95% CI 1.02-1.16, P=0.011). Thirty-five percent of matched pairs (n=1960) were tied; hence, they had neither all-cause mortality or hospitalization due to HF.
The win ratio of all-cause mortality and nonfatal MI (Table 4) showed that when all-cause mortality was prioritized, the win ratio for the composite was 0.95 (95% CI 0.89-1.00, P=0.057, and for the composite of all-cause mortality and nonfatal stroke, the win ratio was 1.07 (95% CI 1.00-1.14, P=0.037) ( Table 5) .
Subgroup Analysis
Subgroup analysis of all-cause mortality showed that aspirin decreases all-cause mortality in both men and women, in patients younger than 65 years and elderly patients, in obese patients as well as those with a body mass index <30 kg/m 2 , and patients without a history of hypercholesterolemia or hypertension. However, the protection obtained from aspirin was less statistically obvious in hypercholesterolemic patients (HR 1.00, 95% CI 0.79-1.27; P for interaction of dyslipidemia subgroup=0.16), and in those with a history of hypertension (HR 0.86, 95% CI 0.73-1.01) despite the presence of a clear trend (Figure 4 ).
Sensitivity Analysis
We performed a sensitivity analysis by doing a propensity score match between aspirin users and non-aspirin users at baseline. In each group, 5639 patients were included, and the characteristics of the 2 populations were well balanced (Table 6 ). Nevertheless, patients on aspirin had a slightly higher prevalence of hypertension and greater body mass index and were more often prescribed angiotensin receptor blockers and diuretics. Aspirin was also associated with a reduction in the primary composite outcome of all-cause mortality and HF and with the secondary outcome of all-cause mortality (Table 7) . Hospitalization for HF was unaffected by aspirin use. However, there was an excess of nonfatal MI, nonfatal stroke (P<0.001). Cox regression analysis after adjustment for variables that were still statistically significant after propensity score matching confirmed the protection from all-cause mortality conferred by aspirin (HR 0.88, 95% CI 0.83-0.94), as well as the paradoxical increase in nonfatal MI and stroke (HR 1.66, 95% CI 1.49-1.85; HR 1.23, 95% CI 1.01-1.50, respectively) ( Figure 5 ).
Discussion
This study, using actual clinical practice data from a large primary care cohort, demonstrated that aspirin use for primary prevention reduces mortality in patients with T2D and HF. Platelet dysfunction, increased platelet aggregation, and aspirin insensitivity were reported to be more pronounced in patients with T2D and no previous cardiovascular event, compared with nondiabetic individuals. 22 Moreover, chronic hyperglycemia promotes a prothrombotic state related to endothelial dysfunction, impaired fibrinolysis, increased levels of coagulation factors, and high platelet reactivity. 23 Because HF is also associated with an enhanced prothrombotic state, 24 we hypothesized that patients with T2D and HF would exceed the threshold of risk at which aspirin is assumed to become beneficial in terms of cardiovascular disease prevention, and thus, there would be benefit from aspirin in the primary prevention of cardiovascular events. Furthermore, the protection conferred by aspirin targeted both sexes, although it has already been established that cardiovascular risk in T2D is different in women compared with men. For example, in a recent analysis of the TECOS (Trial Evaluating Cardiovascular Outcomes With Sitagliptin) study, which initially evaluated cardiovascular outcomes in patients with T2D on sitagliptin, 25 it was found that women experienced fewer cardiovascular events, although they had a worse baseline cardiovascular profile. 26 In our initial analysis we found that aspirin intake is associated with a paradoxical increase in nonfatal MI and nonfatal stroke, although all-cause mortality was decreased. However, in our win-ratio analysis, which prioritized mortality over nonfatal events, we did not find a statistically significant excess of nonfatal MI in patients taking aspirin, which could be due to a shifting of events from fatal to nonfatal. Nevertheless, the win ratio analysis of nonfatal stroke confirmed an excess of cerebrovascular events under aspirin. One plausible explanation is that patients on aspirin are at a higher risk of experiencing nonfatal hemorrhagic strokes; however, the exact etiology of strokes was not recorded in our cohort. Data supporting a beneficial effect of primary prevention with aspirin in patients with diabetes mellitus are lacking. JPAD was the first randomized placebo-controlled trial that assessed aspirin in patients with T2D without a prior cardiovascular event. In the initial follow-up (median 4.37 years), no benefit with aspirin was observed. 27 This was also confirmed in the long-term follow-up (median 10.3 years). 9 Additionally, aspirin was associated with a Figure 3 . Cox regression analysis of primary and secondary outcomes of (A) low-dose aspirin vs no aspirin and (B) low-dose aspirin vs high-dose aspirin. HF indicates heart failure; MI, myocardial infarction. Journal of the American Heart Association higher risk of gastrointestinal hemorrhage. 9 However, serious hemorrhage rates were not reported in JPAD other than hemorrhagic stroke, which was not different between groups.
In our study we did not have access to nonmajor hemorrhages, and major bleeding events were not increased in either our initial analysis or in our sensitivity analysis, even after cofounding factors had been taken into consideration. The POPAD (Prevention of Progression of Arterial Disease and Diabetes) trial, which randomized patients with diabetes mellitus and asymptomatic peripheral arterial disease in a bifactorial design to receive aspirin and an antioxidant, also failed to demonstrate any benefit of aspirin. 28 However, in a meta-analysis of patients with diabetes mellitus, aspirin was associated with a modest decrease in cardiovascular events, driven mostly by a reduction in MI and stroke. 29, 30 Two randomized controlled trials are currently evaluating aspirin versus placebo in primary prevention among patients with diabetes mellitus. The ongoing ACCEPT-D (Aspirin and Simvastatin Combination for Cardiovascular Events Prevention Trial in Diabetes) trial aims to evaluate the safety and efficacy of aspirin at the dose of 100 mg in 5170 diabetic patients. 31 The ASCEND (A Study of Cardiovascular Events in Diabetes) trial aims to evaluate the effect of aspirin in more than 15 000 diabetic patients (clinical trial number NCT00135226). The initial results of the ASCEND trial suggest a beneficial effect of aspirin in primary prevention of diabetes mellitus that comes at a price of an excess gastrointestinal bleeding. 32 Aspirin use in HF patients is controversial. Three retrospective randomized controlled trials have previously examined the benefit of aspirin in patients with HF compared with warfarin or placebo in patients without a formal recommendation of anticoagulation. The WASH (Warfarin/Aspirin Study in Heart Failure) trial that randomized patients to aspirin, warfarin, or a placebo reported a deleterious effect of aspirin on cardiovascular events, especially worsening of HF. 13 The
WASH trial failed to demonstrate any superiority of warfarin or clopidogrel over aspirin in patients with left ventricular dysfunction and sinus rhythm. 15 Finally, the WARCEF (Warfarin Versus Aspirin in Reduced Cardiac Ejection Fraction) trial did not show any superiority of warfarin over aspirin, other Our results are aligned with recent data from a retrospective Irish cohort of HF patients, 21% of whom had diabetes mellitus, as low-dose aspirin was associated with a reduction in mortality during a follow-up of almost 3 years. 11 Concordant with our study, aspirin was also beneficial for patients without a history of a cardiovascular event (adjusted HR of mortality 0.69, 95% CI 0.51-0.95), but not on hospitalization for HF. 11 However, other end points such as MI and stroke were not investigated. Consistent with our findings, the SOLVD (Studies of Left Ventricular Dysfunction) investigators also reported a reduction in all-cause mortality and in the composite end point of mortality and hospitalization for HF. 12 Nevertheless, patients on primary prevention with aspirin were not analyzed separately. Although our study included a large primary cohort of patients and used actual clinical practice data, we acknowledge the presence of several limitations in our study. Like any observational study, we cannot exclude unaccounted confounding factors. The daily dose of aspirin was recorded but not the number of administrations per day, nor adherence to therapy, nor aspirin exposure over time. In addition, the decision to prescribe aspirin in primary prevention could have been for different factors that we could not account for in our analysis. For example, aspirin could have been prescribed to patients with diabetes mellitus, HF, and other comorbid factors not recorded in this database such as dilated cardiomyopathy, hypertrophic cardiomyopathy, or valvular heart disease. Also, the left ventricular ejection fraction was not recorded, so we could not determine whether the outcome associated with aspirin differs according to the type of HF. Most importantly, cardiovascular death was not recorded separately; hence, all-cause mortality could not reflect cardiovascular mortality accurately.
Conclusion
In conclusion, our study supports aspirin use in primary prevention in those with T2D and HF, as it decreased all-cause mortality. However, there was an increased risk of nonfatal MI that might reflect a shifting of events from fatal to nonfatal and/or an excess of nonfatal stroke of unknown etiology. These results persisted after correction for confounding factors and performance of propensity score matching. Our retrospective analysis of data from a large UK National Health Service primary healthcare cohort needs confirmation in heart failure cohorts. If similar results are observed, then a randomized placebo-controlled trial assessing primary prevention of aspirin in patients with diabetes mellitus and heart failure is warranted.
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